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Chairman ComstockRanking MembetL.ipinksi, and distinguished Members of the
Subcommitte®n Research and Technolgdgyhank you for the opportunity testify before you
today on thduture d biotechnol@y and its applications fanergy, agriculture, and
manufacturing

| am Reshma Shetty, dounder and President of Ginkgo Biowork$old a Ph.D. irBiological
Engineering from MIT and have been activeha field ofbiotechnologyfor over 10 yearsl
would like to provide amwverviewof GinkgoBioworksalong withsynopsis of the science
behindbiological engineeringl will focusmy testimonyontwo key areas relating to U.S.
biotechnology:

1.! The importance dfFederal fundindor realizing thecommercial an@&conomigpotential

of biotechnologyin the United States
2.! Current and futuréiotechnologyapplications

Before | discusshese key issueswould like to thank the Subcommittee for its continued
leadership and advocacy féretNationalScience FoundationWithout the NSFOs suppatis
likely thatl would not behere before you today.
¥ An NSF STEM fellowship supported noyvn graduateeducation
¥ NSF grang provided early critical support taoth theilGEM competitionban
internationaintercollegiate competition igynthetic biology which has grown from 5
U.S. teams to more th@&b0teamsrepresentingver32 countrieandto SynBERG a
major U.S. researatonsortiumin synthetic biology Together, iIGENMand SynBERC
have directly or indirectlgducated a significashare of the U.S. workforce in synthetic
biologyincluding myself
¥ Finally, in 2015, Ginkgo raisethore thars50M in privatecapital This fundraising was
only possible because of the earlyestments madey Federallyfunded research
awardsfrom NSF, DOE ARPA-E, NIST and DOE ARPAE in Ginkgo Bioworks

Ginkgo Bioworks was founded in 2008 by a team of 5 MIT Rimiztuding Tom Knight who is
widely considered to be the father of synthbtmogy. We now employ50 peoplel3 of whom
reside inCongresswomag@larkOs 5th Districtf Massachusett§&inkgo Bioworksis the
organism companyve desig and licensenicrobessuch as yeast to customeFbsesemicrobes
can create a wide variety products that are eitheostly or inaccessible through conventional
manufacturing techniqgue&nalogous to the microelectronics industme use a centralized



factory or foundry fomicrobedesign andabrication Our first foundry is Bioworksla highly
automated, 18,000 ggrefoat facility in Boston MassachusettsGinkgo currently hasore
than 20microorganisms under contract with a variety of customers incluebnigine 50
companies

Synopsisof the science

Fermentation is a process by which cooking is done with microbes rather than heat.
Fermentation is a deep part of most cultures: beer, wine, cheese, yogurt, bread, coffee and
chocolate all involve microbegVe can us¢hetoolsof biotechnologybour abilty to read and
write DNA - to study fermentatioand todesign microbes to makew productsrom
fermentation We call thes@ew product©cultured productsO and they incluel@ingredients
like sweeteners, flavors, fragrancasw foods such as anirdaée meat and milendnew

materials like silkand leather
|

New and emergingiechnologiesGinkgo is developing or supporting
To date, much of biological research s p
hasbeen done in what is effectively ang n-

artisanal process. Apprentices study f N/ \
years under a master to learn the Ty
techniques and approaches needed tc | \?
perform biological research. Indeed, | |
technically skilled biologists are often
said to have Ogood har@#t Ginkgo,
we take an engineerOs approach to
biological design. We apply software,
automation and standardization to the
process of microbe design and

fabrication. This sping, welaunched

our first _foundry fOI? organism design Figurel: Ginkgo Bioworks' organism foundry: Bioworks.
called Bioworks1Bioworks1

automatesvhat are traditionally by hamatocesses required for bagical engineering through
the use of integrated software and hardwéhels, we seek to usher in a new kind of
manufacturing: manufacturing for the design and construction of microkpsddor customers.

Bioworksl1 is the firsgeneration of GinkgoOs organism engineering foukdeyarecurrentlyin
the process diuilding a second foundly/Bioworks2N which is scheduled for completion in
2016 We have adoptethtelOs chip fabricationdity philosophy; when mewwaferis

invented, anew fabrication facilityis built as opposed to shutting dovamd reconfiguringhe
existing fabs By allowing theexisting fabrication facilities continue to operate! increases
their total productiorcapacity with each new chipioworks2 will be twice as large as
Bioworksland will sale and improve upon our existing capabilit@skgo already has plans
for Bioworks3 in place. Each new foundrgth expands our domestic organism manufacturing
capabilities andpurs job creatiom a wide variety of professional fields from construction to
science



Current or potential practical applications

Ginkgo is actively workingvith variousgovernmenrdl and commercial entitiesn several
applications for biotechnology including:

Culturedingredients The2014 globaFlavors and fragrance markets worth an estimated
$27.5 billion" and will continue to grow as more people enter the middle diasd).S. can
capture that market with cultured ingrediefg engineering yeast strains to produce the desired
ingredientsve can mov@growth and manufactuggrocesesto the United StatesFor example,
Ginkgo is currently designing yeast to produce a cultise sgent.The introduction of
cultured rose will markhe first new rose oil on the market in 150 yedtsiltured ingredients
have several advantageger the corresponding plant extract including

Lower cost of goods

Improved product consistency

Supply stability

Supply chain transparency

OUnlimitedO scale

Remove allergens

No pesticide residues

Lower environmental impact

Creats skilled and norskilled labor requirements
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Probiotics According to the CDC,Each year in the United States, at least 2 million people
become infected with bacteria that are resistant to antibiotics and at least 23,000 people die

each year as a direct result of these infections. Many more people die from other conditions that
were complicated by an antibiotic-resistant infection.3 With DARPAOSs support, we are
developing probiotics to prevent drug resistant bacterial infections in the gut by specifically
preventing the acquisition of antibiotic resistance genes in the gut microbiome. This technology
allows existing antibiotics to ctinue to be an effective treatment for infection and does not
negatively effect the existing gut microbiome.

|

Strain improvementBy leveraging the power of Bioworks1, Ginkgan optimize existing
fermentation processes. For example, we have a parmarshiAjinomoto,a global
manufacturer of foods, beverages, amino acids, pharmeaswand industrial chemical®
improve their existing fermentatigprocess

! Leffingwell & Associates. 20102014 Flavor & Fragrance Industry Leaders.
http://www.leffingwell.com/top 10.htmAccessed December 4, 2015

% Centers for Disease Control and Prevention. Antibiotic resistance threats in the United States,
2013. http://www.cdc.gov/drugresistance/thyesmort 201 3/index.html. Accessed December 3
2015




Role of the Federal Government in supportingcoordinating and commercializing the
science

The U.S. Government has long had a critical
role in nurturing nascent induss long before
they are attractive to private investment.
Historically, this has often happened via a two
pronged strategiyn whichthe U.S.
Governmentnitially provides R&D funding
for critical, high impact technology
developmenand thenas the teatology
matures, the U.S. Government serves as an
early customer fothe resulting product#s a
result of thisactivity andcustomer demand,
private investment begins to flow stimulating
the creation of a new industryrhis pattern
played out in the early days of the
microelectronics industry in which théS.
Governmentvas an early customéor
integrated circuitsia theApollo and
Minuteman progrars.

Figure2: Ginkgo founder Tom Knight (left)
o ~ standing next to an eartpmputea Lisp
The U.S. Government has a similar essential machine.

role to play in the futw of biotechnology. My

co-founders and | were able to bootstrap

Ginkgo from scratch on the basis of various federal awardsNi®F DOE ARPA-E, NIST and
DARPA. This early U.S. GovernmeR&D funding was critical to allowing us time and
resources toefine our foundry approach to designing and fabricating micrabe$uild our
business. Over the past 18 months, weOve beeto aige more tha®50 million in private
investment as a resulTechnology developed with NSF and DOE AREBAunding diretly led
to two ofourcommercial contracts today.

The National Engineering Biology Research and Development Program proposed under H.R.
591 would coordinate and streamline the Federal GovernmentOs ongoing arRDture

support in bioengineeringd thank for Representative Johnson for recognizing this need and
introducing H.R.591 as well as Representatives Sensenbrenner and Peters for their co
sponsorship. Bipartisan support of this bill is a clear sign that biological enginB&ing

supports the natr@l interest.

|

Economic, technological oregulatory challenges or barriers to bringing the products to
market

Unlike with the microelectronics industry, however, the U.S. Government has thus far not been
an early customer for the nascent synthigitsbogy industry. With countries like the United

Kingdom and China having well coordinated national programs in synthetic hidhagynited

States is at risk for losing its competitive edge in this area. By serving as an early customer and



stimulatingdemand for the products of biotechnology, the U.S. Government could play as
central a role to the biotechnology industry as it has in the past for integrated circuits.

A common concern raised regarding biotechnology is whether there will be public aceegpita

these cultured producté/e are likely to see a significant shift in the public understanding of

these technologies in the near future. The first consumer products of biotechnology are entering
the marketplace. Northaée hagpartnered with the panesdiotechnologyfirm Spiber to
productawinter jacke from culturedspidersilk. A new generation of food tech companies are
advancingcultured meat and cultured milk as anirfrale alternativesThe U.S. Government can

help to ensuréhese culturegroducts make it to the marketplace and are able to fairly compete
with traditional products by encouraging the growtllofmestidbio-manufacturing capacity.
Expanding U.Sbased fermentation capacityil promotejob growth andensure that the U.S.
redaims its manufacturingompetitiveness

Members of th&ubcommittee, on behalf of Ginkgo Bioworkac.,| would like to thank you

for the opportunity to testify on the future of biotechnoldge believe this technology provides
new opportunities to eimh consumer experiences amwadens thejpurchasingptions This is

a very exciting time for biogical engineeringit has the potential to reinvigorate American
manufacturingand drive economic growth and job creatibwould be happy to answer any
guestions from the Subcommittee.

Thank you.
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